A technique to measure the concentration of conidia in damp chamber experiments by spectrophotometry was developed. A negative linear correlation (R 2 =0.56) was observed between transmittance at 340 nm and the concentration of conidia in water agar 0.05%. The equation that relates transmittance (T) with concentration (conidia mL -1 ) (y) is: y = 9.3 10 6 -86497 T. The method was assayed by inoculating 43 strains in two garlic cultivars. The method proved to be more rapid than the traditional use of a hemocytometer with an improved accuracy. The CV of the number of conidia per hemocytometer reticule was of 35.04%, while the transmittance CV was of 2.73%. The extreme values chosen for T were 40 and 80 because the sensitivity of the method decreased when concentrations of conidia were out of this range.
Blue mold disease in garlic is associated with Vincent & Pitt in Argentina (Valdez ., 2006) , the world's second largest exporter of garlic.
in storage. The assignation of pathogenicity to an isolate generally consists of inoculating in a point made on the sterilized surface of a clove followed by an incubation period in damp chamber conditions. Differences in sporulation are observed between different species of and also among different pathotypes of . Comparing the sporulation, Cavagnaro
. (2005) assigned to the garlic cv. Castaño INTA a tolerant response to the disease, whereas a sensitive response was assigned to the cv. Fuego INTA.
Sporulation is one of the most accurate variables used in plant pathology to measure the degree of disease a certain host (Lebreton ., 2004) . Several methods have been developed to quantify sporulation, but one of the most applied in plant pathology is the use of a hemocytometer for both the calibration of spore sporulation. The use of a hemocytometer is time-consuming and leads to considerable error. According to Berkson . on the number of cells which are counted in each area of the reticule. The concentration of cells can also be measured using a standard spectrophotometer. This method has been performed to obtain the equivalent CFU/mL of bacteria (Dominguez ., 2001) . This practice has also been automated to monitor the development of bacteria or fungi on analytical spectrophotometers.
The objective of the work was to set up a simple spectrophotometric methodology to determine the concentration of conidial suspensions and compare its accuracy to hemocytometer counts. As a result of the work a simple and accurate methodology, which can be adequate for other plant-pathogen systems, is presented.
FIG. 1 -
Relationship between spectrophotometric transmittance and haemocytometer counts. The solid line is the regression line and it was estimated over the readings on a haemocytometer where the CV was less than 20% (n=30), represented by black triangles. Grey squares represent those haemocytometer counts with a CV between 20% and 40% (n= 76) and gray rhombi to measurements with a CV greater than 40% (n=11). Squares and rhombi are more distant than the triangles from the regression line because the last one was obtained with the more accurate haemocytometer counts. . The necrotic tissue was excised with a scalpel 12 d after incubation, and vortexed in a microtube containing 1 mL of sterile water and 1 % tween 20. The tissue was then removed with a sterile forceps and the microtube was vortexed again for 3 minutes. For spectrophotometer analysis, a 200 µL aliquot was pipetted µL aliquot was pipetted L aliquot was pipetted into a new microtube.
To avoid the gradual decrease of absorbance caused blank solution was prepared with 0.5 g of agar L -1 (Autrey ., 1996) .
Transmittance, as the optical turbidity of the suspensions, was measured using a Spectronic 20D spectrophotometer (Milton Roy, Rochester, NY) at a wavelength of 340 nm. The photometer cells were glass test tubes of 10 mL. The equipment was calibrated at T=100 with 5 mL of the blank solution (0.5 g agar L -1 ) and 50 µL of the µL of the L of the conidial suspension were pipetted into the cell. It was mixed slowly by inversion, three or four times. If bubbles were produced, they were extracted with a clean steel needle. The transmittance was recorded and when it was greater than 80 %, additional 30 µL of the conidial suspension were added.
µL of the conidial suspension were added. L of the conidial suspension were added. If the transmittance was less than 40 %, the procedure was repeated in a new test tube, this time starting with 25 µL of µL of L of the suspension.
Ten µL obtained from the test tube read in the µL obtained from the test tube read in the L obtained from the test tube read in the spectrophotometer were deposited in each chamber of a hemocytometer (Boeco, Germany) and left to stabilize for more than 3 minutes. Ten to twenty grids per chamber were counted and the average used to estimate the determined.
The CV of the spectrophotometric measurements was estimated with 5 readings of 10 different microtubes containing conidia.
Hemocytometer measurements with a CV lower than 20% were chosen to run a simple regression analysis between concentration of conidia (dependent variable) and Transmittance (independent variable) for each Castaño INTA and Fuego INTA garlic cultivar. A paired test was used to compare both estimations.
Transmittance readings and hemocytometer counts from 117 conidium suspensions representing garlic lesions of variation for hemocytometer counts was 35.04% while transmittance was 2.73%.
The equation that estimates the linear regression between transmittance and conidial concentration was y = 9.3 10 6 -86497 T, where y represents the concentration of conidia (conidia mL -1 ) and T the value of transmittance read in the spectrophotometer. There were no differences between Castaño INTA and Fuego INTA equations (p<0.0001). The R 2 obtained was 0.56 and the number of times that the interval of the hemocytometer readings was more than 44%. The estimated concentration of conidia by hemocytometer and by spectrophotometer were quite similar (Table 1) Spectrophotometric measurement was faster and easier than the technique of conidial counting using a hemocytometer. Also the spectrophotometric measurements were less variable (CV=2.73%) than the counts made on the hemocytometer (CV=35.04%). That means that a less variable method (spectrophotometry) was calibrated with a more variable method (hemocytometer). Results could be comparable with other less time-consuming procedures, like the use of the MicroCell for screening techniques to Fitopatol. Bras. 31(6), nov -dez 2006
Use of spectrophotometry as tool to quantify the sporulation... The obtained R 2 value was less than others previously reported in the literature, such as 0.96 (Harbo, 1975) and 0.90 (Autrey ., 1996) but in those cases turbidity was measured starting from a pure fraction of cells and, in this work, turbidity was measured from necrotic tissue of garlic. It could be possible that some soluble compounds and small solid particles were released from necrotic garlic tissues and
In the cases where measured transmittance was greater than 80 %, the addition of an extra volume of conidia decreased the transmittance, indicating that the relationship between transmittance and conidial concentration continued to be linear. Extending further the range of transmittance measurements, the transmittance/conidial concentration relationship behaved exponentially rather than linearly. At low T value (T<40) and at high T value (T>80) the accuracy of the methodology to estimate concentration of conidia of in garlic tissue decreased.
